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1. INTRODUCTION
Korea constructed Kori Nuclear Power Plant Unit 1 for
nuclear power generation in 1978, and recently exported
nuclear power plants to the United Arab Emirates (UAE)
in 2010. Since the 1990s, the nuclear power, with its
emphasis on environment-friendly growth and sustainable
development, has been considered an economical, safe,
and eco-friendly source of energy. It has also been an
indispensable energy source which has allowed Korea, a
large export-oriented country, to survive in the global
community [1, 2, and 3]. As of 2012, approximately 32% of
Korea’s electricity is supplied by nuclear power and the
country has planned to increase its proportion to 48.5%
by 2024. Similarly, radiation is used in various sectors,
including medicine, the agriculture industry, research,
and space development. Since the enactment of the Atomic
Energy Law in 1958, the number of organizations using
radiation has consistently increased by 10% each year,
resulting in its use by a total of 5,000 organizations as of
2012 [1, 4, 5, 6, and 7]. 
However, the Fukushima Daiichi nuclear accident,
caused by a 9.0 magnitude earthquake in Japan in March
2011, terrorized not only Japan, but the entire world, due
to radioactivity. Despite the explanations provided by the
expert groups on the safety of radioactivity through mass
media, the public  still remains fearful [1, 2, 8, and 9] of
radioactivity resulting in a gap between the public’s
perception and expert opinions [10]. The risks related to
radioactivity are still an unfamiliar issue for the public [11,
12]. When describing risks, experts focus on the technical
danger, trying to stochastically predict the degree of risk
and damage. Meanwhile, the public regards risk as an
experience, and experts’ probabilistic results as uncertain
information, which magnifies the perception of risk to an
extent greater than the actual degree [13, 14].
Risk perception is defined as a concept of subjective
value judgment, with risk communication based on an
individual risk perception [15]. Despite the extremely
low incidence rate for major accidents, when they occur
they create a strong signal associated with abnormal risks
with the specific technology, giving the public a negative
impression and awareness which ultimately stigmatizes
nuclear power [2, 6, and 16]. Since, this is a safety issue,
it directly influences the society’s sense of security and
causes massive expenses, which greatly concerns every
The results of this study, suggest public communication to promote the use of radiation as follows: first, suitable
information for the recipient’s perception patterns should be provided, as there is a difference in risk perception and
acceptance between the experts and the public. Thus, information on the necessity of nuclear power should be provided to the
public, while information based on technical risks is provided by the experts. Second, since the levels of perception,
knowledge, and attitudes increased highly for sectors which use radiation after the class, classes should be provided
continuously to increase students’ perception, knowledge, and attitude, which are all preemptive variables which induce
positive behavioral changes. Third, since the seven sectors which use radiation are highly correlated, arguments for the
necessity of other sectors should be based on the necessity of the medical sector.
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member of a society, including industrial organizations
[8]. Girondi (1983) and Eiser et al. (1988) explain the
public’s social and political support as an important element
in solving energy problems, as well as the basic social,
political, and technical factors that are complicatedly
intertwined [17, 18].
Public understanding and acceptance should be the
foundation on which radiation technology acts as an engine
for the next-generation of national development and
improved national competitiveness. Science and technology
policies conducted without the agreement and support of
the public cannot last long term. If the decision is made to
accept such policies, then it aggravates social controversy
and causes a lack of social support [2, 6]. Studies on the
recipients’ risk perceptions are actively conducted in various
sectors such as health communication, environmental
issues, and products and services [19]. These difficult
dilemmas share common contradictions [20]. Previous
domestic and international studies on problem solving
and ethical dilemmas only focus on behavioral, clinical,
cognitive, developmental, educational, historical, organi-
zational, and social perspectives, with little interest paid
to developing an algorithm to solving these contradictions
[21, 22, and 23].
Thus, this study was designed as a communication
strategy to form a wide social consensus on the use of
radiation and nuclear power to improve public understanding.
To provide the basic source data necessary for planning
an educational-involvement strategy, radiation work-
study activities were conducted with elementary, middle,
and high school students - who were expected to show
great educational ripple effects. Changes in the levels of
their perception, knowledge, and attitude were analyzed
for each sector which uses radiation.
2. METHODOLOGY
The study was conducted in this order: designing a
research plan, distributing official documents for work-
study activities via local education offices, selecting final
participants among elementary, middle, and high schools
students for work-study activities, conducting a pre-activity
survey, engaging in the work-study activities (45 minutes
for learning theories and 45 minutes for taking practical
experiences), and conducting a post-activity survey. The
work-study activities contained theory and practical training
over two classes. The first class focused on theory, which
included a pre-survey, watching a ten minute video on
radiation in our daily lives, and lectures on seven uses of
radiation in society. The second class focused on practical
training, which included conducting group radiation
measurements in various locations around the school,
group reports, and post-activity survey as shown in
Figure 1. Theory education included watching a video
(10 minutes) and attending lectures (25 minutes) containing
content covering seven sectors which use radiation. Practice
education included a practical activity for students to
measure natural radiation levels as shown in Figure 1.
2.1 Questionnaire Configuration
The teaching period was from October 17, 2012 to
May 25, 2013. Trained instructors visited the targeted
schools, taught classes, and conducted the surveys. Changes
in the levels of perception, knowledge, and attitude on
seven sectors which use radiation were analyzed through
the collected questionnaires before and after the educational
activities. The questionnaire consisted of questions on
knowledge, attitude, and behavior, all based on a traditional
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learning model. Perception questions covered three aspects,
including the necessity of using radiation and nuclear power,
safety (risk), and information acquisition (familiarity) [24].
Each item was measured based on a five-point Likert scale
(1 = totally disagree, 5 = totally agree) as shown in Figure 2.
Before the educational activities, the value of Cronbach′s
α, which indicates the reliability of a survey, was 0.889
for the necessary uses of radiation, 0.904 for safety, 0.904
for information acquisition, 0.956 for subjective knowledge,
0.631 for objective knowledge, and 0.759 for attitude,
showing high values in each area. After the educational
activities, the value of Cronbach′s α was 0.945 for the
necessary uses of radiation, 0.948 for safety, 0.970 for
information acquisition, 0.965 for subjective knowledge,
0.695 for objective knowledge, and 0.858 for attitude,
showing high values in each area. 
2.2 Subjects and Analytical Methods 
The targets for education were 3,399 students from
63 schools (27 elementary schools, 13 middle schools,
and 23 high schools) in Korea.
Analysis was conducted in SPSS/WIN 15.0 using the
following statistics: frequency, percentage, mean, standard
deviation, the Pearson's Correlation Analysis, t-test, and
the One-way ANOVA. The Scheffe method was used for
the post-activity tests. To examine reliability of the scale,
Cronbach′s α was used.
3. RESULTS
3.1 Subject’s Characteristics
The targets for education were 3,399 students from
63 schools (27 elementary schools, 13 middle schools,
and 23 high schools), consisting of 59.7% elementary
school students, 27.7% high school students, and 12.7%
middle school students. Male students accounted for 52.3%
of the total students and female students for 44.0%. The
number of students interested in work-study activities was
higher after the first class. After the first class, 69.3% of
the total students recommended work-study activities,
while 89% thought the entire nation should be educated
on radiation and nuclear power as shown in Table 1.
3.2 Comparison of the Perception of Sectors which
use Radiation before and after the Class
With regard to students’ perceptions on the necessity
of using radiation in different sectors before and after the
class, the medical sector had the highest percentage in
support, while the agricultural sector had the lowest. For
their perceptions on safety before and after the class, the
medical sector had the highest percentage in support, while
the nuclear power sector had the lowest. For perceptions
on information acquisition, the medical sector had the
highest percentage before the class, while all but the survey
analysis sector, which showed the lowest support before
the class, had highest percentages after the class. For
students’ level of subjective knowledge, the medical sector
had the highest percentage before the class, while all of the
sectors had high percentages after the class. The industrial
sector had the lowest percentage before the class while
the survey analysis sector had the lowest after the class
as shown in Table 2.
The risk perception suggested in the risk communication
process model refers to a subjective measurement or
evaluation for the possibility of a risk occurrence and its
results [25]. Accordingly, since individual and subjective
judgment is emphasized, the importance of communication
in overcoming the difference in risk perception is inevitably
crucial [9]. Behavioral decision-making theory regards
risk perception as a psychological process that conducts a
comparative evaluation on alternative decision-making
outcomes in order to select the outcome with the highest
value or to provide a rational reason for selecting one
Fig. 2. Questionnaire Configuration
outcome over the rest [26, 27, 28, and 29]. Thus, as a
result of examining students’ perceptions of the necessity
and safety of using radiation and nuclear power, this study
found that the medical sector has highly perceived levels
for necessity and safety, both before and after the class,
while nuclear power had the lowest perceived level for
safety, both before and after the class. According to
Kahneman and Tversky (1979) [30], when an uncertain
risk situation is framed as a risk and a reward, a risk-averse
tendency is shown for the reward-related situations, while
a risk-taking tendency is shown for the risk-related situations.
It seems that the medical sector has high levels of perceived
necessity and safety, since students assumed that the use
of radiation in the medical services provides more reward
than risk, avoiding the idea that medical radiation itself is
dangerous. Meanwhile, nuclear power has low levels of
perceived necessity and safety, since students assumed
that the risks, as seen in the Fukushima disaster, are greater
than the rewards from energy use, and thus they avoid
nuclear power. Ajzen (1975, 1985) argued in The Theory
of Reasoned Action that human beings use information to
maximize rewards and minimize the risks brought about
by their behaviors [31, 32]. As students recognized that
the level of information acquisition was higher in the medical
sector before the class, and generally high in all of the
sectors, they will maximize their use of the information
they have by supporting the construction of additional
nuclear power plants or when purchasing irradiated food.
With regard to knowledge, an important precondition for
behavior, students recognized that the level of subjective
knowledge was high in the medical sector before the class,
and it was generally high in all of the sectors after the class.
It appears to be a similar concept, which improves the
positive preconditions for behavioral change.
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Division
School
Gender
Expectation of radiation work-study
activities
Experience using medical radiation 
Desire to recommend radiation
work-study activities
Opinions on the necessity for the
entire nation to be educated on
radiation and nuclear power
Total
Table 1. General Characteristics of the Subjects
Elementary school
Middle school
High school
Male
Female
Non-responsive
Interesting class
Uninteresting class
Other
Yes
No
Not sure
Recommended
Not recommended
Non-responsive
They must take it
They are recommended to take it
They don’t have to take it
They should not take it.
Non-responsive
Before class
Frequency (%)
2,029 (59.7)
430 (12.7)
940 (27.7)
1,785 (52.5)
1,537 (45.2)
77 (2.3)
2,656 (78.1)
377 (11.1)
366 (10.8)
1,393 (41.0)
1,009 (29.7)
997 (29.3)
-
-
-
3,399 (100.0)
After class
Frequency (%)
1,827 (57.9)
419 (13.3)
911 (28.9)
1,652 (52.3)
1,390 (44.0)
115 (3.6)
2,624 (83.1)
257 (8.1)
276 (8.7)
-
-
-
2,189 (69.3)
293 (9.3)
675 (21.4)
1,187 (37.6)
1,622 (51.4)
179 (5.7)
46 (1.5)
123 (3.9)
3,157 (100.0)
3.3 Comparison of the Levels of Objective Knowledge
before and after the Class
Both before and after the class, the students’ level of
objective knowledge of radiation existing in nature rated
the highest, while their level of knowledge of a theory
stating that irradiated food causes radiation rated the
lowest as shown in Table 3. This result is consistent with
the results of Kim et al [33, 34, 35, and 36]. Jensen
(2002) argued that environmental knowledge is not only
a simple knowledge of effects but also a comprehensive
knowledge of basic causes, strategies for change, alter--
natives, and visions; he also argued that such knowledge
should be considered one of the important preconditions
for developing informed behavior [37]. Consequently, if
accurate information on irradiated food and nuclear
power is not provided, or if sectors show a low level of
objective knowledge in this study both before and after
the class, then students are expected to vote in opposition
to nuclear power and avoid purchasing and consuming
irradiated food. 
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Division (on a five-point scale)
4. Industry (industrial measurement, non-destructive inspection, acceleration
of chemical reactions)
5. Research (plant and animal physiology and physical property change)
6. Survey analysis (pollution investigation, contaminant analysis, and crime
investigation)
7. Nuclear power plants 
4. Industry (industrial measurement, non-destructive inspection, acceleration
of chemical reactions)
5. Research (plant and animal physiology and physical property change)
6. Survey analysis (pollution investigation, contaminant analysis, and crime
investigation)
7. Nuclear power plants 
Total
Total
Before the
class
(mean ± SD)
Before the
class
(mean ± SD)
Level of necessity Level of safety
Before the
class
(mean ± SD)
After the
class
(mean ± SD)
Division Before the
class
(mean ± SD)
After the
class 
(mean ± SD)
Level of information
acquisition
Level of subjective
knowledge
Before the
class 
(mean ± SD)
After the
class 
(mean ± SD)
1. The use of radiation and overall perception of nuclear power 
2. High-tech development (space and ocean development)
3. Agriculture and irradiated food (food conservation and plant breeding) 
3. Medicine (diagnosis, treatment, and sterilization)
1. The use of radiation and overall perception of nuclear power
2. High-tech development (space and ocean development)
3. Agriculture and irradiated food (food conservation and plant breeding) 
3. Medicine (diagnosis, treatment, and sterilization)
Table 2. Comparison of Perceptions by the Sectors that Use Radiation, Before and After the Class 
3.84 ± 0.84
4.07 ± 0.84
3.73 ± 1.00
4.23 ± 0.85
3.84 ± 0.90
3.91 ± 0.93
4.04 ± 0.91
3.88 ± 0.97
3.94 ± 0.70
4.13 ± 0.80
4.16 ± 0.80
4.04 ± 0.89
4.24 ± 0.83
4.08 ± 0.85
4.07 ± 0.87
4.13 ± 0.85
4.09 ± 0.91
4.12 ± 0.72
2.91 ± 0.96
3.24 ± 0.90
3.15 ± 1.01
3.35 ± 0.98
3.11 ± 0.93
3.23 ± 0.96
3.26 ± 0.96
2.85 ± 1.07
3.14 ± 0.75
3.56 ± 0.93
3.62 ± 0.89
3.61 ± 0.93
3.67 ± 0.92
3.56 ± 0.93
3.59 ± 0.93
3.62 ± 0.91
3.45 ± 1.03
3.58 ± 0.80
2.29 ± 1.06
2.33 ± 1.09
2.26 ± 1.08
2.43 ± 1.12
2.17 ± 1.05
2.23 ± 1.09
2.14 ± 1.05
2.30 ± 1.12
2.27 ± 0.95
3.14 ± 0.93
3.00 ± 0.99
2.98 ± 1.00
3.04 ± 0.99
2.94 ± 1.00
2.95 ± 1.02
2.91 ± 1.02
3.04 ± 1.02
3.00 ± 0.90
2.47 ± 0.93
2.50 ± 0.94
2.46 ± 0.95
2.59 ± 0.99
2.35 ± 0.94
2.42 ± 0.96
2.37 ± 0.95
2.49 ± 1.01
2.46 ± 0.84
3.27 ± 0.91
3.17 ± 0.93
3.16 ± 0.94
3.24 ± 0.94
3.12 ± 0.96
3.13 ± 0.96
3.10 ± 0.96
3.22 ± 0.96
3.18 ± 0.84
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3.4 Comparison of the Level of Attitudes before and
after the Class
The level of attitudes was the highest in support of
the use of medical radiation both before and after the class,
while it was the lowest for the use of irradiated food as
shown in Table 4. According to the theory of planned
action, introduced by Ajzen et al (1985, 1980)., human
beings determine their attitude based on behavior and
subjective standards, which they retain as behavior inten-
tions, and behave based on motivations which follow
evaluative and normative beliefs [32, 38]. Nutbeam and
Harris (2004) consider behavior intention to be strongly
connected to behavior [39]. Accordingly, as the level of
attitudes is low in support of irradiated food, the levels of
purchases and consumption are also expected to be low.
The frequency of irradiated food is high in organizations
such as the IAEA and the WHO (1997), which regard
consuming less than 10kGy of irradiated food does not
cause toxicological damage, as well as being the only
way to prevent alimentary diseases  [9, 40, 41, and 42].
However, since a negative attitude toward irradiating
food was found to exist in Korea, it is expected that there
will be serious conflicts with both nuclear power and
food irradiation.
3.5 Comparison of the Perception of Elementary
and Secondary School Students based on the
Sectors which use Radiation before and after
the Class
High school students perceived a high level of necessity
for many sectors before the class, while middle school
students showed the same results after the class. Elementary
school students perceived a high level of safety in many
sectors before the class, while high school students perceived
the lowest. High school students perceived a high level
of information acquisition in many sectors before the class,
while middle school students showed the same results
after the class. All of the elementary, middle, and high school
students possessed a low level of subjective knowledge
in many sectors before the class. Among them, middle
school students possessed the highest levels after the class
as shown in Tables 5-1 and 5-2. 
Question
* Questions for attitude included contents related to direct behaviors the public can make regarding the use of radiation.
Before the class
(mean ± SD)
After the class
(mean ± SD)
1. I agree with the use of radiation and nuclear power.
2. I will consume irradiated food.
3. I will use radiation to diagnose and to treat diseases.
4. I agree with the construction of nuclear power plants.
Total
Table 4. Comparison of Attitudes Before and After the Class (on a Five–point Scale)
3.56 ± 0.98
3.07 ± 1.01
3.74 ± 0.95
3.30 ± 1.07
3.42 ± 0.76
3.95 ± 0.95
3.66 ± 1.02
4.04 ± 0.91
3.71 ± 1.05
3.84 ± 0.82
Question
5. Korea’s nuclear power plants cannot cause the type of accident seen at the
Fukushima nuclear power plant due to differences in terms of structure.
Total
* The questions for objective knowledge were based on five types of questions recently issued and misunderstood by the public,
including basic concepts relating to the existence of radiation.
Before the class
(mean ± SD)
After the class
(mean ± SD)
1. Radiation exists everywhere including in the sunlight, playgrounds, and classrooms.
2. Radiation cannot be detected using the five senses.
3. Radiation can be safely protected against by using the appropriate materials.
4. Irradiated food causes radiation.
Table 3. Comparison of Objective Knowledge Before and After the Class (on a 100-point Scale)
62 ± 48.6
56 ± 49.6
42 ± 49.3
25 ± 43.1
23 ± 41.9 
41 ± 29.6
93 ± 25.3
75 ± 43.2
71 ± 45.6
25 ± 43.1
34 ± 47.4
60 ± 22.5
3.6 Comparison of the Objective Knowledge of
Elementary and Secondary School Students
before and after the Class
All of the elementary and secondary school students
showed a higher level of objective knowledge after the
class in the five objective knowledge areas. Specifically,
high school students had the highest level of objective
knowledge before the class, while middle school students
showed the highest after the class in five objective knowledge
areas as shown in Table 6. 
3.7 Comparison of the Attitudes of Elementary and
Secondary School Students before and after
the Class
All of the elementary and secondary school students
showed a higher level of attitude after the class in four
attitude areas, indicating a statistically significant difference
(P < 0.000). Elementary school students had a high level
of attitude toward the use of irradiated food and toward
the establishment of nuclear power plants, while high
school students showed the same results for the use of
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Division
All sectors
High-technology
Agriculture
Medicine
Industry
Research
Survey analysis
Nuclear power 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school
Middle school
High school
Necessity Safety
Before the class After the class
(mean ± SD)
F(p)
Scheffe
(mean ± SD)
F(p)
Scheffe
(mean ± SD)
F(p)
Scheffe
(mean ± SD)
F(p)
Scheffe
Before the class After the class
Table 5-1. Comparison of Elementary, Middle, and High School Students’ Levels of the Necessity and Safety of Sectors that Use
Radiation Before and After the Class 
3.76 ± 0.89
3.81 ± 0.86
4.03 ± 0.69
3.99 ± 0.88
4.16 ± 0.81
4.20 ± 0.73
3.73 ± 1.02
3.70 ± 1.03
3.75 ± 0.95
4.15 ± 0.91
4.29 ± 0.86
4.38 ± 0.70
3.77 ± 0.93
3.86 ± 0.90
3.98 ± 0.82
3.90 ± 0.95
3.83 ± 0.98
3.97 ± 0.86
3.99 ± 0.94
4.11 ± 0.90
4.09 ± 0.82
3.82 ± 0.99
3.85 ± 1.03
4.01 ± 0.875
32.252
(0.000)
c>ab
23.257
(0.000)
bc>a
0.369
(0.692)
25.499
(0.000)
bc>a
17.625
(0.000)
c>ab
3.277
(0.038)
c>b
5.291
(0.005)
bc>a
11.953
(0.000)
c>ab
3.10 ± 0.96
2.72 ± 0.89
2.59 ± 0.89
3.31 ± 0.90
3.21 ± 0.86
3.12 ± 0.89
3.34 ± 0.98
2.96 ± 0.98
2.85 ± 0.99
3.46 ± 0.97
3.31 ± 0.99
3.12 ± 0.96
3.21 ± 0.95
3.03 ± 0.87
2.92 ± 0.90
3.33 ± 0.96
3.14 ± 0.94
3.05 ± 0.94
3.36 ± 0.98
3.20 ± 0.90
3.09 ± 0.92
3.04 ± 1.07
2.66 ± 0.99
2.51 ± 1.005
3.60 ± 0.95
3.58 ± 0.86
3.47 ± 0.93
3.62 ± 0.92
3.68 ± 0.81
3.60 ± 0.87
3.66 ± 0.94
3.61 ± 0.91
3.50 ± 0.91
3.69 ± 0.94
3.72 ± 0.87
3.60 ± 0.92
3.58 ± 0.94
3.58 ± 0.90
3.51 ± 0.92
3.60 ± 0.96
3.60 ± 0.86
3.56 ± 0.90
3.63 ± 0.94
3.65 ± 0.84
3.58 ± 0.88
3.49 ± 1.04
3.49 ± 0.98
3.37 ± 1.04
1.338
(0.262)
2.187
(0.112)
0.687
(0.503)
1.548
(0.213)
4.063
(0.017)
ab>c
6.397
(0.002)
a>c
105.735
(0.000)
a>b>c
14.117
(0.000)
a>c
89.901
(0.000)
a>bc
37.686
(0.000)
a>b>c
33.411
(0.000)
a>bc
29.581
(0.000)
a>bc
27.556
(0.000)
a>bc
91.527
(0.000)
a>b>c
4.276
(0.014)
bc>a
1.813
(0.163)
0.557
(0.573)
4.637
(0.010)
bc>a
3.722
(0.024)
bc>a
2.153
(0.116)
3.670
(0.026)
b>ac
9.226
(0.000)
c>a
8.683
(0.000)
a>c
3.723
(0.024)
b>c
4.10 ± 0.85
4.19 ± 0.74
4.18 ± 0.70
4.14 ± 0.85
4.21 ± 0.77
4.19 ± 0.72
4.05 ± 0.91
4.05 ± 0.90
4.01 ± 0.82
4.20 ± 0.88
4.29 ± 0.77
4.29 ± 0.73
4.04±0.89
4.13±0.82
4.12±0.77
4.05 ± 0.92
4.14 ± 0.85
4.10 ± 0.79
4.10 ± 0.89
4.23 ± 0.76
4.12 ± 0.79
4.03 ± 0.95
4.13 ± 0.90
4.19 ± 0.812
medical radiation. After the class, middle school students
showed a high level of attitude for the latter as shown in
Table 7. 
3.8 Correlation of Necessity, Safety, Information
Acquisition, Knowledge, and Attitude before
and after the Class
All areas - including perception of the areas (necessity,
safety, information acquisition, and subjective knowledge),
knowledge, and attitudes - showed a significant correlation,
both before and after the class. In particular, the correlation
value of subjective knowledge (0.609) and information
acquisition was the highest before education, while that
of necessity recognition and attitude (0.601) was the
highest after education as shown in Table 8. In other words,
as perception, knowledge, and attitudes correlate, inaccurate
perceptions or knowledge will lead to the formation of an
454 NUCLEAR ENGINEERING AND TECHNOLOGY,  VOL.46  NO.3  JUNE 2014
HAN et al., Educational Effects of Radiation Work-Study Activities for Elementary, Middle, and High School Students
Division
All sectors
2.535
(0.079)
2.647
(0.071)
High-technology
Agriculture
Medicine
Industry
Research
Survey analysis
Nuclear power 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school
Middle school
High school
Information acquisition Subjective knowledge
Before the
class
(mean ± SD)
F(p)
Scheffe
After the
class
(mean ± SD)
F(p)
Scheffe
Before the
class
(mean ± SD)
F(p)
Scheffe
After the
class
(mean ± SD)
F(p)
Scheffe
Table 5-2. Comparison of Elementary, Middle, and High School Students’ Levels of Information Acquisition and Subjective
Knowledge of Sectors which Use Radiation Before and After the Class
2.46 ± 1.00
2.47 ± 0.89
2.50 ± 0.79
2.52 ± 1.01
2.52 ± 0.90
2.45 ± 0.81
2.47 ± 1.01
2.45 ± 0.91
2.43 ± 0.84
2.58 ± 1.04
2.59 ± 0.96
2.62 ± 0.90
2.37 ± 0.99
2.35 ± 0.89
2.31 ± 0.83
2.45 ± 1.02
2.41 ± 0.89
2.36 ± 0.84
2.41 ± 1.01
2.33 ± 0.89
2.31 ± 0.85
2.45 ± 1.06
2.46 ± 0.96
2.58 ± 0.93
3.24 ± 1.00
3.39 ± 0.78
3.28 ± 0.75
3.16 ± 1.02
3.26 ± 0.85
3.14 ± 0.76
3.15 ± 1.02
3.25 ± 0.87
3.15 ± 0.79
3.21 ± 1.01
3.37 ± 0.89
3.26 ± 0.80
3.10 ± 1.03
3.22 ± 0.88
3.12 ± 0.82
3.10 ± 1.04
3.24 ± 0.89
3.13 ± 0.83
3.09 ± 1.03
3.23 ± 0.86
3.06 ± 0.84
3.15 ± 1.04
3.37 ± 0.84
3.28 ± 0.83
3.711
(0.025)
c>b
0.064
(0.938)
1.809
(0.164)
1.269
(0.281)
1.466
(0.231)
3.167
(0.042)
a>bc
2.27 ± 1.11
2.20 ± 1.02
2.36 ± 0.98
2.33 ± 1.13
2.34 ± 1.08
2.32 ± 1.00
2.27 ± 1.12
2.15 ± 1.02
2.31 ± 1.01
2.42 ± 1.16
2.36 ± 1.09
2.47 ± 1.03
2.19 ± 1.09
2.10 ± 1.03
2.16 ± 0.98
2.24 ± 1.13
2.14 ± 1.08
2.23 ± 0.99
2.18 ± 1.09
2.07 ± 1.03
2.09 ± 0.98
2.27 ± 1.16
2.19 ± 1.10
2.42 ± 1.04
3.10 ± 1.05
3.27 ± 0.80
3.16 ± 0.72
2.97 ± 1.09
3.15 ± 0.86
2.98 ± 0.82
2.95 ± 1.10
3.11 ± 0.88
2.98 ± 0.84
3.02 ± 1.09
3.14 ± 0.87
3.05 ± 0.82
2.92 ± 1.10
3.04 ± 0.90
2.93 ± 0.83
2.92 ± 1.11
3.09 ± 0.89
2.94 ± 0.85
2.90 ± 1.12
3.07 ± 0.88
2.87 ± 0.85
2.96 ± 1.12
3.20 ± 0.87
3.12 ± 0.84
8.520
(0.000)
c>ab
5.668
(0.003)
b>a
4.086
(0.017)
b>ac
2.436
(0.088)
5.789
(0.003)
b>ac
13.678
(0.000)
bc>a
5.086
(0.006)
c>ab
3.936
(0.020)
a>bc
2.502
(0.082)
1.545
(0.214)
0.478
(0.620)
0.769
(0.463)
1.857
(0.156)
0.421
(0.657)
4.716
(0.009)
b>a
5.368
(0.005)
b>a
2.036
(0.131)
11.974
(0.000)
bc>a
2.586
(0.076)
5.823
(0.003)
b>ac
3.217
(0.040)
c>b
4.518
(0.011)
b>ac
3.750
(0.024)
b>a
4.664
(0.009)
b>ac
inappropriate attitude [43]. Therefore, education should
be provided by designing a program based on the content
of all areas related to perception and knowledge, rather
than only to providing knowledge. Although information
acquisition increases the level of subjective knowledge
before the class, students with a high level of necessity
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Division
(mean±SD)
Before the class After the class
(mean±SD)F(p) Scheffe F(p) Scheffe
Radiation exists everywhere, including
in the sunlight, playgrounds, and
class rooms.
Radiation cannot be detected using the
five senses.
Radiation can be safely protected
against by using the appropriate materials.
Irradiated food causes radiation.
Korea’s nuclear power plants cannot cause the type of
accident seen at the Fukushima nuclear power plant in
due to differences in terms of structure.
Elementary school
Middle school
High school
Elementary school
Middle school
High school
Elementary school
Middle school
High school
Elementary school
Middle school
High school
Elementary school
Middle school
High school
Table 6. Comparison of the Objective Knowledge of Elementary, Middle, and High School Students Before and After the Class
0.55 ± 0.50
0.64 ± 0.48
0.74 ± 0.44
0.50 ± 0.50
0.57 ± 0.50
0.69 ± 0.462
0.37 ± 0.48
0.41 ± 0.49
0.52 ± 0.50
0.23 ± 0.42
0.28 ± 0.45
0.27 ± 0.45
0.22 ± 0.42
0.10 ± 0.30
0.29 ± 0.46
0.90 ± 0.30
0.97 ± 0.17
0.97 ±0 .17
0.73 ± 0.45
0.80 ± 0.10
0.77 ± 0.41
0.65 ± 0.477
0.79 ± 0.41
0.78 ± 0.42
0.21 ± 0.41
0.29 ± 0.45
0.30 ± 0.46
0.36 ± 0.48
0.26 ± 0.44
0.33 ± 0.47
31.995
(0.000)
c>a>b
4.902
(0.007)
bc>a
33.098
(0.000)
c>ab
49.733
(0.000)
c>b>a
51.315
(0.000)
c>b>a
27.655
(0.000)
bc>a
6.806
(0.000)
b>a
32.950
(0.000)
bc>a
16.006
(0.000)
bc>a
8.415
(0.000)
ac>b
Division
(mean±SD)
Before the class After the class
(mean±SD)F(p) Scheffe F(p) Scheffe
F(p)
The use of radiation and
nuclear power plants
The use of irradiated food 
The use of medical radiation
Agreement with the
establishment of nuclear
power plants
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Elementary school 
Middle school 
High school 
Table 7. Comparison of Attitudes of Elementary, Middle, and High School Students Before and After the Class
3.58 ± 1.01
3.48 ± 0.95
3.57 ± 0.92
3.20 ± 1.02
2.95 ± 1.00
2.84 ± 0.95
3.70 ± 1.01
3.76 ± 0.91
3.83 ± 0.83
3.39 ± 1.11
3.16 ± 1.04
3.16 ± 0.99
1.779
(0.169)
3.95 ± 1.00
3.96 ± 0.87
3.93 ± 0.87
3.71 ± 1.04
3.63 ± 0.99
3.56 ± 0.98
3.99 ± 0.98
4.14 ± 0.83
4.10 ± 0.78
3.76 ± 1.09
3.68 ± 0.99
3.63 ± 1.00
0.193
(0.824)
46.171
(0.000)
a>bc
6.480
(0.002)
c>a
19.216
(0.000)
a>bc
7.106
(0.001)
a>c
6.744
(0.001)
b>a
4.374
(0.013)
a>bc
-11.36(0.000)
-7.68(0.000)
-8.79(0.000)
-15.22(0.000)
-9.94 (0.000)
-15.94 (0.000)
-9.26(0.000)
-6.36(0.000)
-7.28 (0.000)
-10.26 (0.000)
-7.39(0.000)
-10.29(0.000)
perception also saw an increased attitude level attitude
after the class. In this regard, information on the necessity
of nuclear power should be more widely available for
educational purposes.
3.9 Correlation between Sectors which use Radiation
All sectors using radiation showed a statistically
significant correlation both before and after the class as
shown in Table 9. In other words, since there is a correlation
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Division
Before the class After the class
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Necessity
Safety
Information acquisition
Subjective knowledge
Attitude 
Objective knowledge
1 .300(**)
1
.145(**)
.215(**)
1
.284(**)
.131(**)
.170(**)
.222(**)
.225(**)
1
1 .277(**)
.275(**)
1
.317(**)
.298(**)
.198(**)
.282(**)
.329(**)
1
Table 8. Correlation of Necessity, Safety, Information Acquisition, Knowledge, and Attitude Before and After the Class 
Division
All sectors
High technology
Agriculture
Medicine
Industry
Research
Survey
Nuclear power 
Before the class After the class
A
ll
 s
ec
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rs
H
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h 
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gy
A
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ul
tu
re
M
ed
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e
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du
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ry
R
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h
S
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y
N
uc
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ow
er
1
.729
(**)
1
.646
(**)
.703
(**)
1
.649
(**)
.722
(**)
.689
(**)
1
.722
(**)
.735
(**)
.694
(**)
.693
(**)
1
.674
(**)
.734
(**)
.713
(**)
.699
(**)
.778
(**)
1
.670
(**)
.737
(**)
.660
(**)
.695
(**)
.748
(**)
.776
(**)
1
.773
(**)
.659
(**)
.569
(**)
.600
(**)
.696
(**)
.657
(**)
.676
(**)
1
A
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H
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A
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M
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e
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ry
R
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h
S
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y
N
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1
.838
(**)
1
.795
(**)
.841
(**)
1
.781
(**)
.824
(**)
.822
(**)
1
.794
(**)
.858
(**)
.828
(**)
.844
(**)
1
.777
(**)
.836
(**)
.829
(**)
.821
(**)
.874
(**)
1
.780
(**)
.840
(**)
.816
(**)
.813
(**)
.862
(**)
.862
(**)
1
.835
(**)
.798
(**)
.760
(**)
.772
(**)
.803
(**)
.790
(**)
.802
(**)
1
Table 9. Correlation of Necessity, Safety, Information Acquisition, Knowledge, and Attitude Before and After the Class 
.601(**)
.547(**)
.221(**)
.323(**)
1
.357(**)
.377(**)
.597(**)
1
.489(**)
1
.441(**)
.446(**)
.155(**)
.193(**)
1
.177(**)
.198(**)
.609(**)
1
among all sectors which use radiation, educational activities
should emphasize the necessity of radiation usage in every
sector. It is also expected that the entire education effect
will increase if information is provided on the necessity
of radiation usage in other sectors by comparing them
with the medical sector, which showed the most positive
reaction results. There will be limitations on the changes
in levels of perception, knowledge, and attitude in all of
the sectors using radiation only if explanations are given
for nuclear power and food irradiation, both of which are
considered negative.
4. DISCUSSION
The public understanding and acceptance of nuclear
power should be the foundation on which radiation tech-
nology acts as an engine for next-generation national
development. This study provides effective information
for the public understanding and acceptance of nuclear
power by examining the effectiveness of radiation work-
study activities for elementary and secondary school students
who will become the leading group in public opinion in
the future. This study has analyzed their knowledge of and
attitude towards nuclear power based on their perceptions
before and after an educational class. The results indicate,
in terms of perception, that students viewed the medical
sector as having high levels of necessity and safety, while
the nuclear power and food irradiation sectors were viewed
to have low levels of safety. With regard to students’
knowledge and attitudes, the nuclear power and food
irradiation sectors had relatively low levels of support.
Levels of perception, knowledge, and attitude generally
increased for many of the sectors which use radiation
after the class, proving the class’s positive educational
effect. In particular, based on the results of this study, it
is suggested offering radiation awareness classes to middle
school students will yield the best educational effects. This
study’s results match those in the study by Oh et al. [6],
which demonstrates the risk perception of nuclear power
has a significant influence on the perception of radiation,
as well as products using radiation technologies. According
to Shim (2009) [44], the reliability, risk perception, and
advantages of nuclear power plants have a significant
influence on their acceptability. There are many studies
that indicated differences in risk perception between the
public and experts [45, 46, and 47]. Of them, a study by
Slovic (1987) demonstrated the degree to which each risk
type is perceived differs based on the viewers’ degree of
knowledge and fear of risks [48]. According to Slovic
(1992), experts evaluate risk perception by using a revealed
preference which determines risk acceptance via a scientific
and technological approach, while the public evaluates it
by using an expressed preference that determines the degree
of risk acceptance based on individual recognition [49].
Moreover, while experts recognize risk based on the
technical rationality of statistical data, the public perceives
it based on subjective judgments, such as individual
experiences or knowledge habits [13, 50, and 51]. According
to Sjoberg (1999), experts consider the risk of scientific
technology to be low, while the public considers it to be
considerably high [52]. Thus, a communication strategy
based on an educational understanding of the public’s
perception pattern is required. As the degree of familiarity
differs between experts and the public, it is necessary to
consider the influence of experts’ opinions on the public in
advance [9]. In Korea, many people tend to unconditionally
stigmatize radiation, as they consider it connected to aspects
of nuclear power such as radioactivity, nuclear weaponry,
and nuclear power plants, rather than seeing the positive
applications [6]. Therefore, a communication strategy
should be approached carefully [53]. In a study with similar
results, Jeong et al (2009)., indicated that economic advan-
tages, risk perception, and reliability all influence risk
acceptance [54]. According to Arora (2000) and Berry
(2004), more people took physical examinations when
the message framed the risks caused by avoiding medical
checkups rather than framing the rewards [55, 56]. According
to McNeil et al. (1982), risk framing showed had a greater
influence on the success of radiation treatments [57]. Thus,
perception can be positively changed when the risks caused
by avoiding the use of radiation and nuclear power are
suggested in terms of emphasizing its necessity. Furthermore,
Shower (1995) compared high school students’ level of
knowledge and attitude regarding nuclear energy, proving
that persuasion was an effective tool for positive attitude
change [43]. Following a study of Korean university
students’ awareness of the uses of radiation, Han found
that it was necessary to increase the level of positive
awareness as levels of knowledge and attitude increased
[24, 58]. According to the Korea Data Network, both Korean
teachers and students showed low levels of interest and
knowledge of nuclear energy, while also having strong
doubts and inaccurate prejudices concerning its safety. Lee
(2009) and Hwang et al (2001)., emphasized that providing
education on nuclear energy is required to improve students’
awareness and understanding of nuclear energy, in order
to develop an appropriate attitude towards it [33, 59]. As
such, the combination of results from cross-section research
and this study indicate that it is important to increase the
levels of perception, knowledge, and attitude when designing
a communication program for the whole nation, including
elementary, middle, and high school students. Contents for
all of the sectors using radiation should also be suggested.
In particular, the necessity of each sector should be empha-
sized. Moreover, the highest educational effects, in terms
of the class activities, are expected to be seen among
middle school students. While high school students have
a high level of necessity recognition, they showed a low
level of safety recognition, indicating a lower educational
effect than among middle school students. As the problems
that occur in modern society are totally different from
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those which occurred in pre_industrial society due to the
degree of their danger and destructive power, the public
message should be designed to solve these problems. In
the process of creating public behavior messages to solve
social problems, a strategy which encourages recipients to
consider and incorporate solutions into their own behavior
is required [60]. A public communication strategy concerning
the sections that use radiation is expected to be highly
effective if it is designed and implemented based on the
results of this study. Despite experts’ explanations of the
safety of imported food through mass media, consumer
backlash has recently affected the food and export industries.
Although many of the organizations that use nuclear
energy and radiation have provided education programs,
the effects were insufficient for promoting behavioral
changes in the public. This indicates that efforts focused
only on information delivery are inadequate for promoting
behavioral changes to solve social problems [3]. The fact
that both nuclear power and the use of radiation are not
supported in Korea, an exporter of nuclear reactors, due to
the lack of public understanding, points out the insufficient
research into and implementation of a communication
strategy. Such a strategy should be conducted. 
5. CONCLUSIONS
Regarding the results of this study, the suggestions
on communicating with the public to promote the use of
radiation are as follows. First, suitable information for
the recipient’s perception patterns should be provided, as
there is a gap in risk perception and acceptance between
the experts and the public. Thus, information on the necessity
of nuclear power should be provided to the public, while
information based on technical risks is provided from the
experts. Second, since the levels of perception, knowledge,
and attitude increased highly for sectors that use radiation
after the class, classes should be provided continuously
to increase students’ perception, knowledge, and attitude,
which are all preemptive variables which induce positive
behavioral changes. Third, since the seven sectors which
use radiation highly correlate, arguments for the necessity
of other sectors should be based on the necessity of the
medical sector. Further experimental studies should be
conducted to identify ways to directly promote positive
behavioral changes. The results of these studies should
become an objective for educational models which improve
public understanding and can be successfully exported not
only for nuclear power but also as a general educational
model.
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